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(57)Abstract: 

PURPOSE: To provide a compound semiconductor 
bipolar transistor which is reduced in base resistance 
and base running time and remarkably improved in high- 
frequency characteristics. 

CONSTITUTION: In the transistor provided with an 
emitter layer 7 composed of AIGaAs and collector layer 
3 composed of GaAs, a base contact layer 12 (or 
external base layer) is formed by regrowth and, at the 
same time, a base layer 5 electrically connected to the 
layer 12 is composed of a InGaAs graded layer in which 
the In content is gradually increased as going toward its 
base- collector junction from its emitter-base junction. 
Therefore, an inclined base structure can be formed 
while a regrowth boundary having an excellent electrical 
contact is maintained between the layers 5 and 12 (or 
between the intrinsic base layer and external base layer), 
because no Al oxide compound is formed on the 
regrowth boundary. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The bipolar transistor characterized by a part of base layer [ at least ] consisting of an 
InGaAs graded layer which increased In presentation gradually towards the base collector 
junction section from the emitter base joint while a part of emitter layer [ at least ] has the base 
contact layer between a base electrode and a base layer formed of re-growth in part at least in 
AIGaAs and the bipolar transistor which a part of collector layer [ at least ] becomes from GaAs. 

[Claim 2] The bipolar transistor characterized by a part of base layer [ at least ] in an intrinsic 
region consisting of an InGaAs graded layer which increased In presentation gradually towards 
the base collector junction section from the emitter base joint while a part of emitter layer [ at 
least ] has the external base layer of an external base region formed of re-growth in part at 
least in AIGaAs and the bipolar transistor which a part of collector layer [ at least ] becomes 
from GaAs. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a bipolar transistor, especially the heterojunction 

bipolar transistor which used the compound semiconductor. 

[0002] 

[Description of the Prior Art] It has the outstanding description that current drive capacity of a 
bipolar transistor is large compared with a field-effect transistor. For this reason, researches and 
developments of the bipolar transistor not only using Si but compound semiconductors, such as 
GaAs, are done briskly in recent years. Even if especially the bipolar transistor using a compound 
semiconductor can constitute emitter base junction in a heterojunction and it makes the base 
into high concentration, there are many advantages — emitter injection efficiency can be kept 
large — and high speed examination of a simple substance component and application to various 
circuits are advanced energetically. 

[0003] When achieving high performance-ization of the simple substance component using such 
a heterojunction bipolar transistor (HBT), or an application circuit, reduction of base resistance 
and compaction of base transit time are the important points. 

[0004] In order to reduce base resistance, it is effective to reduce the contact resistance in the 
polar zone. Therefore, the approach of forming a high-concentration carbon dope layer in an 
external base region with selection re-growth is indicated in the Institute of Electronics, 
Information and Communication Engineers technical research report besides JP.4-83345.A, 
JP,4-83346,A, or ****, 92 volumes, No. 417, 23 pages, and 1993. 

[0005] Drawing 7 is the typical sectional view of the bipolar transistor indicated by the above- 
mentioned Institute of Electronics, Information and Communication Engineers technical research 
report. The semi-insulating substrate 1 which this semiconductor chip becomes from GaAs, and 
the collector contact layer 2 which consists of n-GaAs (3x1 01 8cm - 3,500nm), Collector layer 
(5x1 01 6cm - 3,400nm) 3a which consists of n-GaAs, Intrinsic base layer (4x1 01 9cm - 3 or 80nm) 
5b which consists of p-GaAs, The emitter graded layer 6 which consists of n-Alx Ga1-x As (x:0- 
>0.25) (3x1 01 7cm - 3 or 20nm), The emitter layer 7 which consists of n-aluminum0.25Ga0.75As 
(3x101 7cm - 3,150nm), The graded layer 8 which consists of n-Alx Ga1-x As (x:0.25->0) 
(3x1017->6x1018cm - 3 or 50nm), The n-GaAs layer (6x1 01 8cm - 3 or 80nm) 9 and the graded 
layer 10 which consists of n-Inx Ga1-x As (x:0->0.5) (2x1 01 9cm - 3 or 50nrn), The emitter 
contact layer 1 1 which consists of n-In0.5 Ga0.5 As (2x1 01 9cm - 3 or 50nm), External base 
layer (4x1020cm-3) 12a which consists of p-GaAs, The emitter electrode 13 which consists of 
WSi, and the base electrode 14 which consists of Ti/Pt/Au, The collector eliectrode 15 which 
consists of AuGeNi/Au, the emitter ejection electrode 16 which consists of Ti/Pt/Au, and Si02 
It is constituted by film 17, 18, and 19 and the insulating region 20. 

[0006] In drawing 7 , p-GaAs layer 12a is formed of the selective growth which used the organic 
metal molecular beam epitaxy method (the MOMBE method is called henceforth), and C (carbon) 
which is p mold impurity is doped by high concentration. Moreover, the intrinsic base layer 4 has 
homogeneous-base structure. 

[0007] AIGaAs/GaAs which does not use the above re-growth for formation of an external base 
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region on the other hand In HBT, the p-AIGaAs graded layer to which aluminum presentation was 
made to increase from the base collector junction section gradually towards the base emitter 
junction section as the general approach for shortening base transit time is used for a base 
layer, and the approach of forming inclination base structure is used. Since the electron which is 
the minority carrier which runs a base layer in this structure is accelerated by pseudo-electric 
field, as compared with the homogeneous-base structure which runs in a base layer by diffusion, 
effectiveness, such as compaction of base transit time and improvement in current gain, can be 
acquired. 
[0008] 

[Problem(s) to be Solved by the Invention] In order to reduce base resistance effectively in HBT 
in which an external base region is formed of above-mentioned re-growth t it is important to 
prevent that aluminum oxide is formed in the re-growth interface between intrinsic base layer 5b 
and external base layer 12a. So, it is desirable to adopt as the component genuineness section 
the homogeneous-base structure which consists of GaAs, and the inclination base structure 
using an AIGaAs graded layer is not desirable. Therefore, while reducing base resistance 
conventionally using re-growth, it was difficult to fully shorten base transit time. 
[0009] Such a trouble is solved, while base resistance is reduced, base transit time is shortened, 
and the purpose of this invention is to offer HBT of the compound semiconductor which a RF 
property is remarkable and improved. 
[0010] 

[Means for Solving the Problem] A part of emitter layer [ at least ] of this invention is 
characterized by consisting of an InGaAs graded layer which increased In presentation gradually 
towards the base collector junction section from the emitter base joint while a part of AIGaAs 
and collector layer [ at least ] had the base contact layer between a base electrode and a base 
layer formed of re-growth in part at least in the bipolar transistor which consists of GaAs. 
[0011] Moreover, it is characterized by consisting of an InGaAs graded layer a part of whose 
base layer [ at least ] in an intrinsic region while having the external base layer of an external 
base region formed of re-growth in part at least in the bipolar transistor which a part of AIGaAs 
and collector layer [ at least ] of this invention become from GaAs in a part of emitter layer [ at 
least ] increased In presentation gradually towards the base collector junction section from an 
emitter base joint. 
[0012] 

[Function] Inclination base structure can be formed by using a p-InGaAs graded layer instead of 
a p-AIGaAs graded layer. For example, since the forbidden-band width efface of In0.1 Ga0.9 As 
was small 0.156eV compared with GaAs, when the p-InGaAs graded layer with a thickness of 
40nm to which In presentation was gradually changed from the base collector junction section 
from 0.1 to 0 toward the emitter base joint is used for a base layer, it can form in a conduction 
band side the inclination base structure of having the pseudo-electric field of about 40 keV(s). 
Thereby, the base transit time of the electron which is a minority carrier can be shortened. 
Moreover, since aluminum is not included in a base layer in this case, in case an external base 
region is formed with re-growth, it can prevent that aluminum oxide is formed in a re-growth 
interface, and the good re-growth interface of electric contact can be formed. 
[0013] That is, it is possible to attain reduction of base resistance and compaction of base 
transit time to coincidence by using an InGaAs graded layer for the base layer of the intrinsic 
section, and forming the semi-conductor layer in which the impurity dope was carried out by re- 
growth at high concentration as an external base layer or a base contact layer. 
[0014] In addition, when an emitter is set to AIGaAs and a collector is set to GaAs, an InGaAs 
base layer serves as grid mismatching. However, it is possible to control generating of lattice 
defects, such as a misfit rearrangement, by considering In presentation contained in a base layer, 
and the relation of base thickness. 

[0015] Moreover, when a collector is set to GaAs, in the base collector junction section, an 
energy barrier will be produced between InGaAs base layers. If this energy barrier exists, the 
flow of a carrier is checked and it is not desirable on a component property. However, this 
energy barrier can be abolished by preparing the InGaAs graded layer which decreased In 
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presentation gradually towards the direction of a substrate in the base collector junction section 

contrary to the base layer to the collector layer side. 

[0016] 

[Example] Below, a drawing is used and explained about the example of this invention. 
[0017] Drawing 1 is the sectional view of the semiconductor chip shown in order to explain the 
1st example of this invention. The semi-insulating substrate 1 which this semiconductor chip 
becomes from GaAs, and the collector contact layer 2 which consists of n-GaAs (3x1 01 8cm - 
3,400nm), The 1st collector layer 3 which consists of n-GaAs (5x1 01 6cm - 3,460nm), n-Inx Ga1- 
x As (x:0->0.1) gray dead ** and others — with the 2nd collector layer (5x1 01 6cm - 3 or 40nm) 
4 The base layer 5 which consists of a p-Inx Ga1-x As (x:0.1->0) graded layer (6x1 01 9cm - 3 or- 
40nm), The emitter graded layer 6 which consists of n-Alx Ga1-x As (x:0->0.25) (3x1 01 7cm - 3 
or 20nm), The emitter layer 7 which consists of n-aIuminumO.25GaO.75As (3x1 017cm - 3,150nm), 
The graded layer 8 which consists of n-Alx Ga1-x As (x:0.25->0) (3x1017->6x1018cm - 3 or 
50nm), The n-GaAs layer (6x1 01 8cm - 3,120nm) 9 and the graded layer 10 which consists of n- 
InxGa1-x As (x:0->0.5) (2x1 01 9cm - 3 or 50nm), The emitter contact layer 11 which consists of 
n-In0.5 Ga0.5 As (2x1 01 9 cm - 3 or 50nm) f The base contact layer 12 which consists of p-GaAs 
(4x1 020cm - 3,300nm), The emitter electrode 13 which consists of WSi, and the base electrode 
14 which consists of Ti/Pt/Au, The collector electrode 15 which consists of AuGeNi/Au, the 
emitter ejection electrode 16 which consists of Ti/Pt/Au, and Si02 It is constituted by film 17, 
18, and 19 and the insulating region 20. 

[0018] drawing 1 — setting — the p-GaAs layer 12 — MOMBE — it is formed of the selective 
growth using law, and C which is p mold impurity is doped by high concentration. Moreover, the 
point which forms inclination base structure is the important point, without including aluminum 
oxide in the re-growth interface between the base layer 5 and the base contact layer 12 by 
forming the base layer 5 by the InGaAs graded layer. 

[0019] Below, a drawing is used and explained about the manufacture approach of an above- 
mentioned bipolar transistor. 

[0020] Drawing 2 - drawing 5 are the sectional views of the semiconductor chip shown in order 
of the process. 

[0021] First, as shown in drawing 2 On the semi-insulating substrate 1 which consists of GaAs, 
the n-GaAs layers 2 and 3, the n-Inx Ga1-x As (x:0->0.1) graded layer 4, the p-Inx Ga1-x As 
(x:0.1->0) graded layer 5, and n-Alx Ga 1-x The As (x:0->0.25) graded layer 6, the n- 
aluminum0.25Ga0.75As layer 7, the n-Alx Ga1-x As (x:0.25->0) graded layer 8, the n-GaAs layer 
9, the n-Inx Ga1-x As (x:0->0.5) graded layer 10, And the n-In0.5 GaO.SAs layer 11 is formed by 
the molecular beam epitaxy method (the MBE method is called henceforth) one by one. Under 
the present circumstances, Be was used as Si and a p mold impurity as an n mold impurity. 
[0022] Next, as shown in drawing 3 , they are the WSi layer 1 3 and Si02 to the whole surface. It 
is Si02, using the photoresist film 21 of a predetermined pattern as a mask, after depositing a 
layer 17. The film 17 and the WSi layer 13 by reactive ion etching moreover Even the middle of 
the n-In0.5 GaO.SAs layer 11, the n-Inx Ga1-x As graded layer 10, the n-GaAs layer 9, the n-Alx 
Ga1-x As graded layer 8, and the n-aluminumO.25GaO.75As layer 7 by reactant ion beam etching 
It etches and an emitter mesa is formed. 

[0023] Next, as shown in drawing 4 , after removing the photoresist film 21, wet etching removes 
the n-aluminumO.25GaO.75As layer 7 of other fields except a field required for a component 
intrinsic region and base-electrode formation, the n-Alx Ga1-x As graded layer 6, and the p-Inx 
Ga1-x As graded layer 5 one by one by using the photoresist film (not shown) of a 
predetermined pattern as a mask. Then, it is Si02 to the whole surface after removing said 
photoresist film. 18 is deposited for the film. Furthermore, it is Si02 by reactive ion etching, 
using this as a mask, after forming the photoresist film 23 of a predetermined pattern. By 
removing the film 1 8, it is Si02 to an emitter mesa side face at the same time it carries out 
opening of the external base region. The side attachment wall which consists of film 18 is 
formed. 

[0024] Next, while wet etching removes the n-aluminumO.25GaO.75As layer 7 of the field by 
which opening was carried out, and the n-Alx Ga1-x As graded layer 6 one by one and exposing 
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p-Inx Gal-x As graded layer 5 front face after removing the photoresist film 23 as shown in 
drawing 5 , the hetero guard ring which consists of AIGaAs is formed in an emitter mesa edge. 
Then, selective growth of the p-GaAs layer 12 is carried out on the p-Inx Ga1-x As graded layer 
5 of opening by the MOMBE method, and a base contact layer is formed. In addition, it carried 
out to the growth raw material at the growth temperature of 450 degrees C using TMG 
(trimethylgallium) and Solid-state As at this time. Furthermore, H+ for separation between 
components After performing an ion implantation and forming an insulating region 20, the base 
electrode 14 which consists of Ti/Pt/Au using the photoresist film 24 (not shown) of a 
predetermined pattern is formed by lift off. 

[0025] Next, it is Si02, using the photoresist film (not shown) of a predetermined pattern as a 
mask. After wet etchings removing the film 18, the n-Inx Ga1~x As graded layer 4, and the n- 
GaAs layer 3 one by one, carrying out opening of the collector field and exposing n-GaAs layer 2 
front face, the collector electrode 15 which consists of AuGeNi/Au is formed by lift off. Then, it 
is Si02 to the whole surface. It is Si02 of the emitter electrode upper part by reactive ion 
etching, using the photoresist film (not shown) of a predetermined pattern as a mask, after 
depositing the film 19. Film 19 and 17 is removed and the WSi layer 13 is exposed. By forming 
the emitter ejection electrode of the predetermined pattern which consists of Ti/Pt/Au in the 
emitter region by which opening was carried out, the process of the component principal part is 
completed and the bipolar transistor of a compound semiconductor as shown in drawing 1 is 
made. 

[0026] When the component property was evaluated about the bipolar transistor of the 1st 
example of this invention produced by the above, current gain was 90 or more. Moreover, current 
gain cut-off frequency fT And maximum oscillation frequency fmax Peak prices are 102GHz and 
224GHz, respectively, and improvement with remarkable static characteristic and RF property 
was conventionally found as compared with the component. Furthermore, since not only emitter 
base junction but base collector junction was a heterojunction, conventionally, rather than the 
component, the base extrusion effectiveness was able to be controlled, it was able to become 
possible to make it operate with high current density more, and much more improvement in a 
property was able to be achieved. 

[0027] Drawing 6 is the sectional view of the semiconductor chip shown in order to explain the 
2nd example of this invention. In this example, p-GaAs layer (4x1 020cm - 3,350nm) 12a is 
functioning as an external base layer, and is electrically connected with p-Inx Ga1-x As (x:0.1- 
>0) graded layer 5a which is an intrinsic base layer from the longitudinal direction. About except 
[ its ], it has the same structure as the 1st above-mentioned example. Moreover, about the 
manufacture approach, most is carrying out according to the 1st example. However, after 
carrying out opening of the external base region, wet etching removes the n- 
aluminumO.25GaO.75As layer 7 and not only the n-Alx Ga1-x As graded layer 6 but the p~Inx 
Ga1-x As graded layer 5, and the points which form p-GaAs external base layer 12a on the n- 
Inx Ga1-x As graded layer 4 differ. 

[0028] About the bipolar transistor of the 2nd example of this invention produced by the above, 
when the component property was evaluated, as compared with the component, improvement 
with remarkable static characteristic and RF property was conventionally found like the 1st 
example. 

[0029] in addition, the 1 st and 2nd above-mentioned examples — setting — a base contact 
layer or an external base layer — MOMBE, although the case where it was formed of the 
selective growth using law was described this invention is limited to this — not havings — a base 
contact layer or an external base layer — forming — hitting — MOCVD — other selection 
grown methods including law, and MBE — it can apply also about the case where re-growth is 
performed usjng a crystal growth method without selectivity, such as law, and the same 
effectiveness is acquired. 

[0030] Moreover, in the 1st and 2nd above-mentioned examples, although the case where p mold 
impurity of the base layer which constitutes the component genuineness section was Be was 
described, it cannot be overemphasized that this invention is not limited to this, but C, Zn, etc. 
can be applied also about the case where other p mold impurities are used, and it has the same 
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effectiveness. 

[0031] Furthermore, in the 1st and 2nd above-mentioned examples, although the case where the 
base contact layer or external base layer which re-grows consisted of GaAs was described, this 
invention is not limited to this, but if the high impurity concentration of InGaAs etc. is high 
enough also about the case where it is constituted by other semiconductor materials, the same 
effectiveness will be acquired. 
[0032] 

[Effect of the Invention] In the bipolar transistor of the compound semiconductor with which the 
base contact layer or external base layer the impurity dope was carried out [ the layer ] by re- 
growth at high concentration was formed according to this invention as explained above It is 
possible to form the inclination base structure of having pseudo-electric field to the minority 
carrier which holds the good re-growth interface of electric contact, without including aluminum 
oxide between a base layer and a base contact layer or between an intrinsic base layer and an 
external base layer, and runs a base layer to coincidence. Thereby, reduction of base resistance 
and compaction of base transit time can be attained to coincidence, and the RF property of a 
component can be raised remarkably. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



WRITTEN AMENDMENT 



— [ a procedure revision] 

[Filing Date] November 30, Heisei 5 

[Procedure amendment 1] 

[Document to. be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In the bipolar transistor which a part of AIGaAs and collector layer [ at least ] become 
from GaAs in a part of emitter layer [ at least ], 

The bipolar transistor characterized by a part of base layer [ at least ] consisting of an InGaAs 
graded layer which increased In presentation gradually towards the base collector junction 
section from the emitter base joint while having the base contact layer between a base 
electrode and a base layer formed of re-growth in part at least. 

[Claim 2] In the bipolar transistor which a piart of AIGaAs and collector layer [ at least ] become 
from GaAs in a part of emitter layer [ at least ], 

The bipolar transistor characterized by a part of base layer [ at least ] in an intrinsic region 
consisting of an InGaAs graded layer which increased In presentation gradually towards the base 
collector junction section from the emitter base joint while having the external base layer of an 
external base region formed of re-growth in part at least. 

[Claim 3] The bipolar transistor according to claim 1 or 2 characterized by a part of collector 
layer [ at least ] in a base KOREKOTA joint consisting of an InGaAs graded layer which 
decreased In presentation gradually towards the substrate from the base collector junction 
section. 

[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 001 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0011] Moreover, it is characterized by consisting of an InGaAs graded layer a part of whose 
base layer [ at least ] in an intrinsic region while having the external base layer of an external 
base region formed of re-growth in part at least in the bipolar transistor which a part of AIGaAs 
and collector layer [ at least ] of this invention become from GaAs in a part of emitter layer [ at 
least ] increased In presentation gradually towards the base collector junction section from an 
emitter base joint. Furthermore, this invention may consist of an InGaAs graded layer to which a 
part of collector layer [ at least ] in a base KOREKOTA joint decreased In presentation gradually 
towards the substrate from the base collector junction section. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0015 
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[Method of Amendment] Modification 
[Proposed Amendment] 

[0015] Moreover, when a collector is set to GaAs, in the base collector junction section, an 
energy barrier will be produced between InGaAs base layers. If this energy barrier exists, the 
flow of a carrier is checked and it is not desirable on a component property. However, this 
energy barrier can be abolished by preparing the InGaAs graded layer which decreased In 
presentation gradually towards the direction of a substrate in the base collector junction section 
contrary to the base layer to the collector layer side. Moreover, since the field strength in a 
collector layer is eased when this InGaAs graded layer is prepared in a collector layer side, it 
becomes easier to pull out the rate overshoot effectiveness of a carrier, and compaction of the 
collector transit time of a carrier can be expected by it. Furthermore, since base collector 
junction turns into a heterojunction, it is possible to make it operate, without controlling the base 
extrusion effectiveness in high current density operating state, and producing increase of the 
base transit time of a carrier to high current density more. It is possible to raise a RF property 
further by this. 



[Translation done.] 
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[0 0 0 2] 

BE*<D«fR] ^*-7h7>^*liWMh7 

> i? x * it^r m mmmmij &±%^£^5 mti rc w 

a*SLTV^o £<Drc*b, ifi^. S i <D2*&5-f Ga 
f^ffiV^W^— ^ h^^X^ki. i^y* • 

fex^ 7 ^SAa$^t < St §^ mst^ < , * 

[0 0 0 3] L^)j;3^fag^^^7 h^>zs 
X* (HBT) ^Ml/^fc^flcS^feSV^ilSffllHlKOlft 

[0004] ^-xfist*««rsfe«)tcttfiffia5jcfe 
tt^n>** hgK*ffi«rs^tfJ»*w^*So 

33? > K-^»*»dc-r S^ffitf. WHPF 4-8 3 3 4 5 
m^m. &HPF4-8 3 3 4 6^18. &&^fcMiMGl 
ffi, ^'tf^il«^#SffiW^S, 9 2f, 417 
2 3E 1 9 9 3*f£f2lgSftT^5o 

[0005] h 7 &±&(Dn?mmmm¥£mwM2t$& 



(2) tf Brl¥ 6-333937 

2 

*M (3X10 ,B cm- 3 , 5 0 0 nm) 2 2:. n-G 
aAs^6^3l/^^l (5xi0 t6 cm- 3 , 400 
nm) 3a2:. p-G a A s^B^^Xtt^ — XB (4 
xi0 19 cirr 3 , 80nm) 5bh, n-Alx Ga 
i-x A s (x : 0^0. 2 5) *5S5x5'>^l/- 
T7K1 (3X1 0 17 cm- 3 , 2 0 nm) 6fc, n-A 
lo.25Gao.75A s A^BftSxSy (3 x 1 0 17 c 
m -3 , 1 5 0nm) 7 £, n-A lx Gai-x As 
Cx : 0. 2 5->0) 3b^45^l/-fy FS (3 x l 
/0 0 ,7 ->6 x 1 0 18 cm -3 , 50nm) 8 2:. n — G a A 
si (6X1 0 18 cm -3 , 8 0nm) 9 2:. n — I nx 
Gai-x As (x : 0^0. 5) ^5ft5^U-f^F 
I (2xi0 ,9 cm- J , 50nm) 102:. n-In 
0.5 Gao.s As^SftSx^y^n^^M (2x 
I0 19 cm- 3 , 50nm) 112:. p-GaAs^Bft 
^gP^Xl (4X10 zo cm- 3 ) 1 2 a WSi 
^545x5y?affil3^ Ti/Pt/AuA^a 
§^-X||14^ AuGeNi/Au^B&SnU 
*^1S1 5^:, Ti/Pt/Au^Bft«x57*ffi 
20 Dffibfgl 6^, Si 02 Ml 7, 18*5£tM9 
2:. «MMB«2 0fcJC<fc0«««nT^5o 
[0 0 0 6] H7t^T, p-GaAsIl 2a(if 

£fc. Ktt^-X* 4 tiiQ— ^— XStiSfcftoTV^So 
[0 0 0 7] -75. ^«^-X««<DJg«JC±J60<t5 
&lf/£:g#Jfi^ftV^A 1 Ga A s/G a A s HBTtC 

^SPtCfpJ^TA l^*^fc«*raS^fcp-A 1 Ga 
A s FI^-<-Xl^SV\ ««4^— XSifi 

«EflJ?#<0 fRi± 2: ft«&S«rf# 5CfctfTS«o 
[0 0 0 8] 

40 3P^— XffiiSA^jS^n§ HBT icfe^TgSSWfc:^— 
X&^{gMt-3/ci6tc&. *14^-XJf 5 b £9i^ 
-X® 1 2 aOHOHfigSffffiKZA 1 BKM»3WKJ«;*n 

gflklteG a A s^£&££j— ^—7,m^UmT^C£ 

b < . a i g a a s ^u— y va&m^tctim 

[o o o 9] *mn<DBm*. c(o&5&mm&%m®: 
50 u ^— xm t mmmzn%££&ic^-xj&nmmtf 
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3 

[0 0 10] 

/ >S:<i:fe-WAlGaAs, 3U^$i© / >ft<t 
fc— «5**G a A s^5ftS^W5S—7 h^>>>X#fcH3 

J&fcitbfcl n G a A s FI*545Cfc* 
StfAlGaAs, 3l^£Ji<D4»*< ilfe— SPtfG a 

jl^&Cfcfe— gp^ x^y£ -^xg^^^ 
-X ■ nU^^gflUzfttfT^K: I nffifig*»bfc 
I n G a A s {?U—Ty KB^S&SC fc^^fc-T 

[0 0 12] 

CfPffl] p - A 1 G a A s ^l/-T7 KJBOftfc 0 tc p 
- I n G a A s ^b— T^y K/ffcffl^S C fcfc<fc *g 

o.i Gao. 9 A sOKSJWStiG a A sfctb-^TO. 1 
5 6 e V/J>$^Cfc^6x 

X^7^-^Xg^®Cfq]^oTI nfflj££:0. 1 ^ 
5 0Sl?^^ft$^feJIS4 0 nmOp- I n G a 

a s fiy—fy vm^^—xmizm^rcWfe, &m^m 
^4 0ke vcDMnn^Tzmn^— 

[0 0 13] InGaAs^l/-fyKi% 

3^^*hHfcbT»ric-rSC^fC<fcO. ^Xjg£r[CD 

[0 0 1 4] &43. **A IGaAs, 

^GaAs^b/ci^ InGaAs^Xlttfi?^ 
b^b&^6, ^-XJBfc-S^nS I n 

M^i:^-xii^cDii^tciat'r^c^^ e fco. ^xy 



(3) If Sa^F 6-333937 

4 

[0 0 15] nb^^^G a A s fcbfcifr&fc: 

X • nb^ig-nSU^&^T I n G a A s 

tu * : FWi£±»sb<a^o b*ba««5. ^-x • 

^Sfi*(SltC[pIttT I nmj£%i&*fcWi'J>~£ J &rc I n G 
a A s^U-fy K**»ttSclfclcJ:D % lOT^V 

/0 [0 0 1 6] 

[ooi 7] 01 \tt$m<Dm i o^ss^^i-^fc 
fttc^b^a(fl:^yy©»fBH-2?fe5o c(D^m^ 

y-flt, GaAs/)^^«fl«l^ n-Ga 
A s^5&5r3U^^3>*^ H* (3xi0 ,8 c 
rrr 3 , 4 0 0 nm) 2 n-Ga As^^^l^ 
^l»5$m (5 x l 0 16 cm" 3 , 4 6 0 nm) 3 n 
^Inx Gai-x As (x : 0->0. ' 1) ^*b— K 
20 ^e^§g2^3l,^^I (5X1 0 ls cm- 3 , 40n 
m) 4t, p-Inx Gai-x As (x : 0. l->0) 

tris—Tv vrnfrbftz^-xm (6xio"cm- 3 , 

40nm) 5t, n-Ah Gai-x As (x : 0-> 
0. 2 5) ^545x=7?^U-f7KI (3X10 
t7 cm" 3 t 20nm) 6 n — A I o. 25 G a o. 75 A s 
^645x'7?i (3 x 1 0 17 cm" 3 , 1 5 0 nm) 
7 n-Alx Gai-x As (x : 0. 2 5->0) ^ 
64S^l/^f7 KB (3 x 1 o ,7 ->6 x 1 0 18 c 
m" 3 , 50nm) St. n-GaAsl (6X1 0 18 c 
JO m" 3 , 120nm) 9 b. n— I nxGai-« As 

(x : 0->0. 5) Is—tv FJf (2X10 

19 cnT 3 , 50nm) 10 b* n — I no. s Gao. 5 A 
sfc^&Sx^y^ri^^hJi (2xiO ,3 cm- 3 , 
5 0nm) lit, p-GaAsWftS^-W^ 
(4xlO zo cm- J , 3 00 nm) 12^ WS 
i^f)^x^7^1il3t, Ti/Pt/Au^e» 
4§^-Xti I4t A u G e N i /Au^&45n 
l/^^til Tl/Pt/AuA^ftSx^yi? 
"ffiOttlbttffil S iOz 117, 1 8l5&Zfl 9 

40 «ai«i«2 0tK:«i:D««StiT^So 

[0 0 18] BlIC^Ts p — G a A sJf 1 2tiMO 

X15^I n G a A s ^b— 7 s y Filter Dff^T^ C 
tia-^T, X15^^- 7nyW Ml 2E>Rfl 

to^^a^stc a 1 mitm*&t* c t a < . ffi^-x 

[0 0 19] J^Ttc. ±5E(0/W#— 5 h7>iss\#<D 
50 [0 0 2 0] H2—H5»XSJIHtC^b^ai*^-yy 
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5 

[0 0 2 1] $f\ 0 2tC^T«fc , 5^ N G a A s^5& 
^*»ttSi 1 it;: n - G a A s 1 2 feci: tf 3 , n- 

I nx Gai-x As (x : 0->0. 1) ^l/-f^ F/l 
4 S p— I nx Gai-x As (x : 0. 1 -»0) 
r^KHS, n-Alx Gai- X As (x:0->0. 2 
5) ^~l>— fy KI6s n-A lo.2sGao.7sAsI 
7> n — A 1 x Gai-x As (x : 0. 25^0) 
— Ty\*S8^ n — GaAsJl9. n— I nx Gai-x 
A s (x : 0-»0. 5) ifV— tv F/f 1 0. fc<fctf n 
-I no. s Gao.s A s » 1 1 *](H&* 

[0 0 2 2] 3Wc, HSfciS-r.fcSk:, ^ffitcWS i Jf 

1 3*5<fctfS i 02 Jil 7**I«b/c«. 
><D3fcM^XhJK2 l*TX*tLTS i O2 Ml 7 
fe«fctfWS ill 3*£JStt>T*>xy^:v^c < fctK 
Jfc n — I no. 5 Gao.5AsIl K n — I nx G 

ai-x As^l^-T7Fll 0, n — GaAs/19^ n 
-Alx Gai-x A s ^Wf7 FJS8. £5£tf n - A 

lo. 25 G ao. 75 A s^7C0^^*e^SJSffi-r^->tf- 

[0 0 2 3] »C S B4teaVr<fc9^ ^M/^XM 

A 1 o. 25 G ao. 75 A sl7, n — Alx Gai-x As^* 
b— tv HJl6fe<fctfp- I nx Gai-x A s s?Is—t 

m^T, IMS*l:^XhB*RSL^ Affiles i 

iStt-r^^x^^V^CcfcO S i 02 Ml 8W£t§ 

^^-^fflflffitcs iOz 11 8ft^6ftSffl!lfi*Jgflc-rSo 
[0 0 2 4] HS^-Tcfc^ft:. *M/^H 

2 3*Ribfe& HPSnfea«On-Alo.2sGa 
o.75Asl7, n — Alx Gai-x A s ^l/-T7 Kl 
6*«>xy hX7f>^CJ;!3l^ Kbtp-In 

x Gai-x a s^u— tv vmsmm^m^^^tt 

fete. :n = y*j*-9-aSfc:A 1 G a A sfrSftS^fnf 

ngI5cOp-Inx Gai-x A s {^l/-f y Kl5©±lc 
p-GaAsIl 2^iRj&SbT^-Xxi>'^ ^Jf 



(4) SH^F 6-333937 

t5 

y©*hU^M2 4 (H^b^) »TTi/ 
P t/Au^BW-Xlil 4*U7h*7fc<fcD 

[0 0 2 5] 3Klc % F/r^^-V^M/^M 
(H^b£:V\) £:VX^£bTS i02 II 8, n - I 
nx Gai-x A s ^Wf 7 Fl 4 fe^tf n - G a A s 

®«*BHPU n-GaAsi2*I«BHiLfe», A 
u G e N i / Aufr64S3W?*fil 5*'J7h* 
70 yK&VT&fH-fZo «e^T. Affiles i Oz ffil 9£r*f 
«bfc». 3f^^->WhU^XM (HiSb* 

y*«ffi±gp<DS iOill 9*5j;tfl 7*iSU W 

s i mi 3&mttiT%o mnzftfe^^v zmmcT i 

/P t / A u jJp 6*SBf£<D^->©x5 7 SO W 
[0 0 2 6] J!^K<fc0f^«5nfc*»?8©*lOltM 

«wwf§aw«isasfT f.«* o 

«^filte\ fn?ni02GH2feJ;[f2 2 4GH2T 

^-X • nl/^^i^fng^^^^TV^ 
^7c46tc. ^^ctOfe^^Xffbffiba&SA'SliSJ^ 

/■©«FttlRl±**fe-rclfctfT#^:o 

30 [0027] m6irt^BMcom2(Dmmm^mmr^rc 

46tc^b^3l*^yyoBfffiH"e*So £<D*S£Mc 
fe^Tte. p-GaAsI (4X10 zo cm" 3 , 350 
nm) 1 2 atf^SB^— XJli:bTaffibTfe-0. Xtt 
^-XlT*8Sp - I nx Gai-x As (x : 0. 1 -> 

o) {ru—Tv His a tmjjfafrznumcmwtzn 

rv^ 0 *nwWcHbT«±2EOSl^fifi<50i:raa 

95^<— XtBa*BBPbfc«x n-A lo. 2sG ao. 75 A s 
40 JB 74oc£aFn-A 1 x Gai-x A s i?\s—Ty 

M?>f p-I nx Gai-x As^b-T7FI5^ 
l/^fe9X7 hX7fvyti!?BiU n-Inx G 
ai-x A s Pis— tv KJB4±tCp — G a A s ^SP*^— 
X/S 1 2 a^MLTl/^^Mon^o 
[0 0 2 8] J^fc<fc0f^B*nfe*SgW(O*2(D*fli 

Ltim *«««HtfctK:*bv^iSi±A^6nfeo 
[0 0 2 9] ±3a?(D*li3<ttj f S2tO*]SBfflJfci3 
50 l^T«\ ^— XnV^^hilfeb<tt^SI5^"-XJB6^M 
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7 

omb Em&mi^mtRi$mic£v&f&^nrcm^~D 

0CVDa*ttUi6i:« te©»SW8fiffi*> MBESi 

[0 0 3 0] £fc, ±SEO»lfe«ttfS2 0*jBflWK:S3 

C, Znl, ffiOp^^^V^/cii'&^O 

[0 0 3 1] ££&c. ±5EOSl^3<ttj : S2 0SIS6Ptc 
SP^— TsMtfG a A s B&3^lCOV>T2^^\ 

[0 0 3 2] 

[0 1 ] *5§Wfc:*^5^>r3K— ^ 1 
[02] *%BatC3b^S/W5S— 5h7>^OSl 

[04] 5 1 



(5) ^63^ 6-333937 

8 

[0 5] *3£0Jifc:a^5'W h^v^x^ogi l 

[0 6] *^lc^5^W#-7 b7y^^<D»2 
0T$5o 

[0 7] 5 h-^^^x^^siK-rsfc* 

1 ¥*ftiittS« : G a A s 

2 zil^^^n^^^ : n -G a A s 

3 gl£D3l/^^l: n-GaAs 
3a UUZZM > n — G a A s 

4 n-I nx Gai-x As* 
(x : 0^0. 1 ) 

5 Xjf : p-Inx G ai-x A s (x : 0. 1 -> 
0) 

20 5 a Stt^— XI : p— I nx G ai-x As (x - : 
0. l-»0) 

5 b »£-<-XJl : p-G a A s 

6 x*y*ifl/-fyHI: n-Alx Gai-x As 
A (x : 0^0. 2 5) 

7 y ' n — A 1 o. 25 G ao. 75 A s 

8 sfls—fy KH :n — Alx Gai-x A sJB (x : 
0. 2 5->0) 

9 n-Ga Asl 

I 0 ifls—Ty KB : n — I nx Gai-x As (x: 
30 0-*0. 5) 

II ji^ y^^-if ^yf : n — I no. 5 Gao.s As 
1 2 ^-Xny^ hS : p — G a A s 

1 2 a ^ffl^—XB : p — G a A s 

1 3 3i^v&WM : WS i 

1 4 : T i /P t /A u 

1 5 ^U^^MM : AuGeNi /A u 

1 6 x^7^^ttl : T i/P t/Au 

17,18,19 S i O2 m 

2 0 mmmm 

40 2 1, .2 3, 2 4 frhlsi/Xhm 
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CffitilB] ¥/&5^1 1^3 OB 
[#»Bf IE 1 ] 

miEMmwm%,i mmm 

RfIE#&] 

RS^l] ^y$m<D'P%L< SB** A 1 G a A 

s. n^^I^M< SPtfG a A s^£&£^ 
^ h^>^X^C*5^T, 

-xm<D'pfj; < fc— SK>5, x^ *y * • ^-Xg^^ 
6^— X • :3U^*8^fc[ftt*T»4rfc: I nfflrit**! 
1/cInGaAs r^y KJ1^5*£C 

x5yirlO'>S:<i:6-»tfA 1 G a A 
s. nU^^Jl(D^a< fcfc— SPtfG a A s^S&S^^ 
^ h^V^X^tCfe^T, 

nfc^gp^-xji*wrsi:i:fe^ nvmrnaoifz 

X»©^«:< X3^y# -^-XS^IS 

^£^-X • nL/^^g-&SPtcia^T«4rK: I nfflJS*: 
tib/c I n G a A s ^U-fy KJi^6*SC fc*Rp« 

[|f^3] ^-X - JUJ»g-&SPtCj3ttS3U»» 
gtCfql^T^K I nffljac^ritf^g^fe InGaAs^ 

C¥«ffitiE2 3 



BtjEaasag^] ooii 

[0 0 1 1] £fc*3SBtt. x = 7*iO / >4<fct- 
BftfAlGaAs, 3b^^iO'>4< fcfc— BPtfG a 

g|$^-XJl^-f ££££>^ M£ffi«fc:*5tt5^— X 
< fc—SPtf. x^ *y * • ^-Xg^gp^B^ 

-x • ^uzzm-erm^mfTm^ic i nsas^ftLfc 

I n G a A s dfU— x^y & 5 CI "T 

ji^»»«<o^< fcfe-^p^, -<-x - ziuzzm^ 

miEttmmmzi mmm 

mjEfmrnm^i 0 0 15 

[0 0 15] £/c. a A s £ Lfcif^tC 

^-X • n b^^t&Slc|5^T I n G a A s 
X/1£OPb^cx^;I/:^— 5 £<0 
x*;l/4*-»Btf V 7<Dffitlifimmt£ 

tu *7!*ttl»SL<4V\ LfrbfttfS, -S— X • 
nU^^S^tcfev^Tnlx^^JBftJ^-XSfctiJfi 
Jcafi^iSitcfSlttT I nHHjSK*^tciS^*^fc I n G 
a A s i^U— t*^ KW&Ktf SCI COxiM/ 
4MWfi*ft< -re =H/£*JMIk: 
CO I n G a A s ^U— y*y K*^^tfc^tc^ N n 
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